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SmOAARY 



The advont of dual -rotating propellers has created 
a need for information concerning the effect of the 
mirntaer of blades of the front and rear prooellers, rela- 
tive rotational sneeds, and small changes in the blade 
angles of the rear oropeller. Results of aerodynarrlc 
tests of seven-blade propellers, which were considered 
as a ':)ossible arrangement to avoid vibration difficul- 
tles, are presented herein. Variations of relative 
blade angle and rotational speeds of the front and rear 
components of a six-blade dual-rotating propeller were 
also investigated. The test program was an extension 
of previous work on dual-rotating propellers at the 
NACA propeller-research tunnel; the propeller blades 
and test body were those used in the previous tests. 

The results indicated that envelope efficiencies 
of a seven-blade nroneller with three blades in the 
front hub 9nd four in the rear were from 0 to 

1^ percent lower than envelone efficiencies for the 

six-blade dual-rotating orooeller; four blades in the 
front hub and three in the rear resulted in efficien- 
cies 1/2 to 5^ nercent lower than those obtained v^ith 

the six-bl.ade propeller. This conclusion applies to 
blade-angle settings of the front and rear prooellers 
to absorb equal power at peak efficiency when the 
rotational s^"jeeds were held equal. 
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Changss In rotational speed of the rear comoonent 
of a. six- blade dual -rotating propeller to maintain the 
torque equal to that of the front coT.ponent over the 
entire range of advance --diameter ratio rather than only 
at peak efficiency resulted in no appreciable effect on 
efficiency for either the low- or high-speed condition. 
The saiTie conclusion vms made for operation at constant 
sneed ratios differing from unity by as much as ±1^ per- 
cent. The rear blade angles Vvere adjusted to provide 
equal front and rear propeller torque for each ratio at 
peak efficiency. 

'Vhen the rear blade angles of the six-blade pro- 
peller v-ere adjusted to provide equal torque at values 
of advance-diameter ratio other than that for peak 
efficiency and ^^-hen rotational speeds of front and. rear 
blades were equal, the effect on efficienc:/ ^''Sis negli- 
gible except at peak efficiency, at which a higher rear 
blade angle resulted in a higher efficiency. 



JNTRODUCTIO?! 



The use of dual-rotating propellers introduces 
complications into the problem of propeller-performance 
estim.ation. Prooelle:^ diam.eter and the n-'Jim.ber of blades 
are the most i;roortant par-meters in the selection of a 
dual-rotating propeller to meet specific operatirig con- 
ditions « After the number of blades has been decided, 
there still rem.ain the differential blade angle and the 
differential rotational speeds, v/hich may be varied over 
the operating range. E:?rperim.ents have shovm that im- 
provement in the vibration characteristics of dual- 
rotating propellers would also be desirable (reference 1). 
At present, dual-rotating propellers consist of tro comi- 
ponents having equal diamioters and number of olades and 
operating at equal rotational soeeds. The use of two 
components having different numbers of blades and 
unequal rotational speeds might matOx-^ialiy redace the 
vibration. Aerodynamic effects of such a deviation 
from standard practice remain to be established. The 
results of tests of systematic variations in blade 
numiber, differential blade setting, and differential 
rotational ?peed are ^resented herein. The effect of 
uneqi;al number of blades has been investigated by tests 
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01 seven-blade dual -rotating propellers with three Mades 
in the front and four in the rear and with four blades 
in the front and three in the rea^. 

The operating node 3 conter;:plated for dual -rot at ing 
propellers are those in which, throughout the operating 
range, the sneed 01 the rear propeller v/as continuously 
adjusted to Veep the torque of the two propellers equal, 
the speed of the rear propeller was held at a fixed ratio 
to that of the front propeller, and the blade angle of 
the vee.T proneller differed froiri that of the front oro- 
peller by a fixed airount. These conditions have been 
covered in this investigation for a six-blade dual- 
rota.ting propeller. These modes of operation cover the 
inost ir^portant variables relating the front and rear 
parts of dual-rotating propellers: number of blades, 
blade angle, and rotational speed. 



APPARATUS AND METHODS 



The test setuo v;as that used in previous tests of 
dual-rotating propellers in the NAOA oropeller-research 
tunnel (reference Z) . A photograoh of the setup with a 
single-rotating propeller is given in figure 1 and out- 
line di^rensions are given in figure 2. The symmetrical- 
airfoil v'ing, shown in the photograph and the drawing, 
was in place for all the tests. 

The propeller blades, for which blade-form, curves 
and the plan form, are given in figure 5j v;ere Hamilton 
Standard 5155"^' fo-"* the right-hand blades and Hamilton 
Standard 5156-6 for the left-hand blades. 3oth six- 
and seven-blade propellers were mo^Jinted in two hubs 
spaced l^y inches. The shape of the front spinner was 
identical with the one previously used (reference 2), 
but the rear soinner was elongated 5 inches because the 
front hub v^as mioved forw^ard to increase the spacing from 
10 to 15 incnes. This change required a slightly altered 
spinner and forv/ard body section to give a faired body. 

A plot of the difference in blade-angle settings 
for dual-rotating propellers of four to eight blades 
for the condition of equal torque of front and rear 
propellers at peak efficiency is given in figure i±. 
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Settings for the four-, six-, and eight-blade dual- 
rotating pronellerp were those used in tests reported 
in refei'ences 2 and 5 - 

The rotational speed of the front and rear pro- 
pellers was rnaintained equal for both the seven-blade 
and six-blade propellers for the investigation of the 
effect of changes in roar blade angles only. The speed- 
ratio and equal-torque tests, however, required a varia- 
tion of the front ond rear propeller rotational speeds 
that gave differences up to JO percent. 

The Uniting cond'tions of tunnel speed (110 mrh) 
and propeller rotational soeed (55^ rprn) resulted in a 
tip speed below JOG feet per second and a Reynolds 
number of about 1,000,000 for the 0.757: section, whe-re 
R is the nroneller radius. No effects of compressi- 
bility, therefore, wou^^.d be eypectad. 



The results are presented in nondimensional form. 
Coefficients and symbols used are defined as follows: 



RESULTS AND DTSCFSSION 



C 




thrust coefficient (T/pn^D ) 
power coefficient (P/i^n^D^) 




pro-oulsi ve efficiency 



s p e e d - p o w e r c o e f f i c i e n t 




V /nD a d V an c e - d i am: e t e r ratio 



v;he re 



T 



effective thrust, p 



oounds 



P 



power 9bs">rbed by propeller, foot-oounds per 
second 
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airspeed, feet oer second 



n 



propeller rotational speed, rps 



D 



propeller diameter, feet 



mass density of air, slugs per cubic foot 



front blade angle at 0 



rear blade angle at C.75- 



C 



Pp 



power c :)ef lici ent foi' front propeller 




power coefficient for rear propeller 



The eflective thrust is the ireasured thrust of the 
propeller-cody oorrhinat ion plus the drag of the body 
without a propeller. 

For tests in which the rotational speed of the 
two co!i??onents differed, the follov/ing coef f ioi^^^nts 
based on the rotational speed of the front prooeller 
were used: 






StrnT^Qp-. 





Srrnp^ 



where 



f ront-proneller rotational speed, ros 
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n, 



rear-Dropeller rotational speed, rps 




f ront-prooel le 



t-.orque , foot-pounds 




rear- propeller torque , foot-pounds 



It will be seen that these coefficients reduce to the 
usual ones for the condition of equal rotational speed 
of front and rear comoonents. 

The figures showing propeller characteristics and 
efficiency comparisons are given in table T. 

S even-b l ad e propel ler > - The tests oi seven-blade 
propellers vere ••r.ade with the two possible combinations 
of throe blades in the front hub and four !n the rear 
(designated hereinafter the three-four combination) and 
four blades in the front hub and three in the rear 
(designated the four-three combination). Rotational 
speeds of front and rear components were maintained 
equal throughout the tests. The blade angles of the 
front and rear prooellers v-zere set to absorb equal 
power at peak efficiency. 

The characteristic curves for the seven-blade 
propellers are given in figures 3 The curves 

of Crp and ffigs. 6, 10, and 11) indicate a 

more gradual stall for the three-four combination than 
for the four-three combination. This stall is m.ore 
gradual probably because the larger number of blades 
requires a lower rear blade angle, which results in a 
lighter loading of the i.nboard sections of the rear 
propeller for the three-four combination. 

The efficiency envelopes for the two combinations 

(fig. 15) are only from 0 to 3I. percent lower than for 

the six-blade dual-rotating propeller in the tractor 
condition (from reference 2). The efficiency envelope 
of the three-four combination varied from no higher at 

a front blade angle of 20^ to 1~ percent higher at 60^ 

than the envelope for the four-three combination 
(fig. 15)* A comparison of efficiencies on a basis of 
constant Cp (f'-g* 1'^) indicated little or no con- 
sistent relationshlc between the efficiency curves 
ex.ceot for the condition of peak efficiency shown by 
the envelooes of figure 1^, 
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■Equa l- torque test 3 . - In previous tests of six-blade 
clual-rot a tln^, prope"*llers (reference 2), the rotational 
speeds vv'ere maintained equal throughout the test and the 
rear blade angles ^A'ere adjusted to attain equal torque 
at peak efficiencj^. In the present investigation, tests 
were made to determine the effect of varying the speed 
of the rear component to maintain equal torque through- 
out the range of ^'/n'O as well as at peak efficienc;vy 
the blade angles were the same as in the tests of ref- 
erence 2. These tests may therefore be compared with 
the tests of reference 2 for peak efficiency. The 
V/nD intercet)t3 of the thrust c^.-irves must coincide in 
order that the curves obtained from, the present tests may 
be com.pared with results obtained from previous testsc 
The intercepts did coincide for olade angles of 20"^ 
and 50^. The intercepts differed slightly, how^ever, for 
the blade angles of hO^ , 50^^, and 60^"'and new thrust- and 
nov/er-coef f Icient curves (figs. I7 and iG) were obtained 
from, interpolation oy as summing that the slight shift 
was equivalent to an effective shift in blade angle. 
The individual power-coefficient curves obt ained^^f rom 
test data without interpolation are presented in fig- 
ure IQc 

Few efficiency curves for th:e blade angles of 1^0 
50'^, and 60^ were comnuted and olotted from, the inter- 
polated thrust- and oov/er-coef f ici ent curves, so that 
all efficiency plots on figure 20 are effectively those 
for the corresponding blade angles used in the previous 
tests. Only a slight increase^in efficiency due to 
adjusting the oropeller speed to provide equal torque 
is indicated in the range of climh. .Because the present 
condition of testing is the samie as the previous con- 
dition at peak efficiency, the efficiency envelopes 
from: the two sets of tests should coincide. There is a 

difference of 1 to 1~ percent betvjeen the envelopes 

2 

(fig, 21): the envelope obtained from the equal-torque 
tests is lower. This difference is within the lirndt of 
agreement that can be expected of tests intended to 
reproduce conditions of much earlier tests. 

Spe ed -ratio test s > - Adjustment of the rotational 
speed of one co^nnone'it of a dual-rotating oropeller 
within small limits should provide adequate m.eans for 
control of front- and rear-prooeller operating con- 
ditions; that is, equal oov/er absorption could be 
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obtained for any of the various oondltlons of fll.^ht. 
Tests at constant values of the speed ratio were .nade with 
the six-blade dual-rotating propeller. The front blade 
angle v/as set at IlO^^ and the rear blade angle v/as adjusted 
to provide equal torque at naak efficiency. The character- 
istics for rotation^^l-speed ratios from O.85 to 1*15 
(figs* 22 and 25) indicated no appreciable effect on 
efficiency. 

Figure Ai is a cross plot of the characteristics 
and indicates the luanner in v;hich the torque ratio 
changes with speed ratio. At a v/nD of 0.7> decreasing 
the speed of the rear propeller 5--^ percent decreased the 
rear-propeller torque and increased tne torque ratio 
^p/Qp by 9 oerceiit. 

31 ad e " angl e te sts.- The effect of a fairly large 
differehce in rear 'blade angle with equal front and rear 
rotational speeds was investigated for a blade-angle 
range of 20*^ to 6o^. ?5guras 25 to 54 present the char- 
acteristic curves of these tests. As ^vould be expected, 
a decrease in rear blade angle, corresponding to an 
increasi^'ng inability to rernove the rotation imparted to 
the slipstream by the Trent propeller, resulted in 
decreased efficiexicy; the higher the front blade angle, 
the larger the difference. 

For each value of front blade angle a value of rear 
blade angle was selected such that equal, torque would be 
absorbed by front and reev propellers approximately at 
a V/nD for r.^ea'^: efficiency. Other rear blade angles 
v/ere then selected to give equal nower absorption at 
values of ^^^nD below the value for peak efficiency 
and do\m to values that would occur in the climb con- 
dition, Within the experimental accuracy there was 
apparently no effect on the power absorption of the 
front propeller due to a shift in blade angle of the 
rear propeller. F^r each value of front blade angle, 
therefore;, onl;'' one faired avej^age curve of Cp for 

the front orooeller was used (figs» 26, 2c, '^0 , o2, 
and 5ii ) . ^ 

The three envelopes of figure 35 have been obtained 
by fairing envelo^">es through the peaks of efficiency 
curves obtained frorr« blade-angle settings giving equal 
front and rear power abscrotion at O.J'^, 0.65, and 1.00 
times the value of V/nD for peak efficiency. These 



MCA ARR Fo. LI4.E22 



9 



envelopes emphasize the necessity for readjusting the 
blade angles to those providing equal power absorption 
at v/nD for peak efficiency, when the propeller is 
operating in the high-speed range. Except for the high- 
speed condition, there was little apparent effect of 
biade-angle change; figure 56 (Cm st constant Cp) 
shows little deviation except at v/nD for^peak effi- 
ciency ffor exam'':)le, at V/nD of aporox. 3.6 for 
Cp ^ O.k) . ' . 

Figures 57 to 39 are cross-plotted data of thrust- 
power ratio against" Cd the conditions of = Gp^ 

at 0.55, 0.65, and 1.00 times the value of V/nD for 
peak efficiency. The curve for a V/nD of 2. 5 appears 
to be somewhat in error, especially in figure 37, and 
should be lovrer. The error is experim.ent al , however, 
and could not be faired out. Superposition of these 
plots again showed that at constant Cp end V/nD 
there was little or no effect of blade-angle difference 
on thrust-oower ratio. for efficiency at constant power) 
until the high values of V/nD were reached. 



CONCLUDING REMARKS 



Tests were miade of a six- and a seven-blade dual- 
rotating propeller of the same size and blade design. 
The seven-blade prooeller was tested with three blades 
in the front hub and four in the rear (three-four com- 
bination) and with four blades in the front hub and 
three in the rear (four-three com.binat ion) . 

1. The results of tests at equal rotational speeds 
with the blade angles of the front and rear components 
of the seven-blade propeller adjusted to give equal 
power absorption at peak efficiency mxay be summarized 
as follows*: 

(a) Peak efficiencies were from 0 to 3"7 Per- 
cent less than for the sim.il ar six-blade dual- 
rotating oropeller, depending on blade- angle 
setting and the type of seven-blade com.bination. 
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(b) Peak efficiencies of the three-four com- 

bination were from 0 to 1^ percent higher than 

2 

those of the four-three combination, depending on 
the blade -angle setting. 

(c) There was no appreciable difference in 
efficiencies of the two combinations except in the 
range of advance-diame tei* ratio near pea]-" efficiency. 

2. For the slx-blarle dual-rotating propeller, 
adjusting the soeed of the rear component to maintain 
its torque equal to that of the front component had no 
significant effect on eff icier..cy« 

3. For the six-blade dual-rotating prDoeller at a 
blade angle of h'y\ operating at fixsd values of rotational- 
speed ratio from O.C5 to l.l^p had no considerable effect 

on efficiency v.hen the rear blade -angle was set to give 
a torque equal to that of the front propeller at peak 
efficiency. 

II. p-'or a sLx-blade dual-rotating propeller at equal 
rotational soeeds of front and rear com:ponent '-• ^ changes 
in rear blade angle did not affect the low-spec=d 'take- 
off and climb) operating efficiency but reducing the rear 
blade angle did result in a lower high-speed efficiency. 
The effect was greater at the higher front blade angles. 



Langley Memorial Aeronautical Laboratory, 
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TABLE I. - PT^OPELLER CHARACTERISTICS AND El^^FICTENCY CO^TPARISONS 



Figure 


Number of 
blades 


Pp at 
0.75R 


Test condition 


T;;.7pes of curve 


r 

5 


to 


9 


7 


J. U u 0 


An 


5 blades in front hub, 
1_! blades in rear hub 


Propeller 
characteri sties 




to 


lit 


7 


il(J to 


An 


1| blades in front hub, 
3 blades in rear hub 


Propeller 
characteri sties 


15 


and 16 


7 






Both combinations 


Ef f i c i ency c 0 np a ri s on 






17 


to 


20 


w 


20 to 


60 


TT'0 1 1 p "1 "ho "Pfj ■ 1 


Proneller 
char ac t e r i s 1 1 c s 




21 




6 






Equal torque, eqv<al speed 


Ef f i c i ency c omnar i s on 










22 


to 


2U 


6 






Speed ratio 


r 1 u D e X .L e r 
characteri sties 


25 


to 




6 


20 to 


60 


Change in rear blade 


Proneller 
obarpoteri sties 




55 
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--do-- 


Efficiency comparison 












56 
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--do-- 


Crp at constant Gp 
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to 


39 


6 






--do-- 


Thrus t -p owe r rs t i 0 




plotted against Gp 
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Fig, 




Fiaure'J .-Difference in blade-anqle seffirxis atOJ5R for 
equal torque Qf-'peaK efficiency . 



Fig. 5 
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Fig. 12 




Fig. 13 
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Fig. 18 
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